ABSTRACT Objectives: The majority of Chinese families were under either one-child or two-child birth control policy status from 2001 to 2015. We explore the association between an infant's sex and the mother's postpartum well-being, which may be moderated by birth control policy status in China.
INTRODUCTION
Developing a sense of well-being and achieving competence in the maternal role are considered as critical components of maternal adaptation during the transition to motherhood. 1 Maternal psychology is also known to impact a child's physical 2 and mental health. 3 4 However, previous studies in China have shown a significant difference in maternal postpartum mental health when comparing different genders of newborn infants. 5 6 Women who gave birth to a female infant were at a higher risk of postpartum depression after adjusting for maternal age, education level, family income, living condition, gravidity, number of prenatal care visits, and mode of delivery. Fathers of male infants had significantly higher parenting satisfaction scores than fathers of female infants following the birth. 7 8 This is in contrast to studies conducted in Western societies which did not find an association between fetal gender and postpartum psychology. 9 The strong preference for boys is well known in Chinese culture because boys will
Strengths and limitations of this study
▪ The results of our study have important clinical implications regarding the effect of birth control policy and gender preference on postnatal maternal mental health. ▪ Our study is the first to provide direct evidence on how relaxation of a birth control policy could positively increase a new mother's mental health status. ▪ We recruited the participants at 29-30 weeks of gestation from among low-risk primiparous women in order to avoid other possible confounders such as severe complications during pregnancy and the first child's sex which may influence a multiparous woman's well-being. ▪ Selection bias may exist in our study as 1.5% of the women refused to take part at baseline and 13.1% were missing or excluded from the follow-up investigation. Women with a higher level of psychological well-being during their pregnancy may have been more likely to take part in our study and complete the follow-up investigation.
carry their family lineage and may earn more income for the family and society. 10 11 The gender preference has become a subject of considerable discussion since the one-child family policy was implemented in 1974. 10 11 The one-child family policy in China has been suggested as leading to a stronger preference for males, 12 13 which may affect maternal psychological wellbeing when the male preference could not be met. Studies have shown that disappointment over the baby's gender is a significant risk factor for postnatal depression.
14 Under the one-child policy in China, the gender of newborn babies plays an important role in the mother's postnatal mental health status, because families do not have a second chance to have another child if they are not happy with the gender of the newborn baby. Unfortunately, there are limited studies exploring these relationships in Chinese culture.
In 2001, the Chinese government loosened its birth control policy and allowed parents to have a second child if both parents were from a one-child family. The policy has been further relaxed and since 2016 all couples have been allowed to have two children. Therefore, the majority of Chinese families were under either one-child or two-child birth control policy status from 2001 to 2015. We conducted a prospective cohort study during 2013 in Shanghai City, one of the largest cities in China. We hypothesised that mothers with a male infant were positively associated with a higher level of postpartum wellbeing, but may be moderated by birth control policy status. The aims of the current study were: (1) to explore the association between an infant's sex and the mother's postpartum well-being including anxiety, depression, general health, positive well-being, self-control, and vitality; and (2) to examine whether the birth control policy status would moderate the association.
PARTICIPANTS AND METHODS Participants
A prospective research design was used to collect data at two time points (baseline and follow-up). Eight obstetric hospitals were selected from eight separate districts across Shanghai by convenience sampling. The childbearing women who attended antenatal clinics in the eight selected hospitals were eligible for the study if they met the following inclusion criteria: (1) 29-30 weeks of gestation at recruitment; (2) primiparous; (3) singleton pregnancy. The exclusion criteria were: (1) personal, family-based psychiatric history; (2) presence of medical or obstetric complications (such as gestational diabetes and preeclampsia) before the final investigation; (3) fetal malformations; (4) unable to provide consent. Nineteen thousand and two childbearing women who were eligible according to the inclusion criteria were invited to take part in the study at baseline; 29 women were unable to provide informed consent or refused to complete the questionnaire. A total of 1730 childbearing women were included in the cohort, and finally 1503 women who completed the follow-up questionnaire with no missing information or fetal malformation were included in the final analysis ( figure 1 ). There were no differences in maternal age, education level, vocation and method of payment, or in well-being level at baseline between the missing (n=227) and inclusion data (n=1503) (each p>0.05).
Measurements
The General Well-Being Schedule (GWBS) was used to assess maternal well-being at baseline (at 29-30 weeks of gestation of the recruited women) and follow-up investigation (7-14 days after birth) in the study. GWBS is an 18-item multi-dimensional scale developed by Harold Deputy and revised by Fazio Anthony, 15 which has been validated in American and Asian populations. [16] [17] [18] [19] Duan 20 has translated the GWBS scale into Chinese and reported its validation in China: the internal consistency (Cronbach's α coefficients of male and female were 0.91 and 0.95, respectively) and construct validity (the Pearson correlation coefficients between the scores of each item and total score were from 0.65 to 0.88) of GWBS were reliable in a Chinese population. GWBS covers six dimensions of subjective feelings of psychological well-being: anxiety (nervousness; stress; strain; pressure; anxious, worried; upset; relaxed-tense), depression (sad; discouraged; hopeless; downhearted; blue; depressed-cheerful), general health (bothered by bodily disorders; health; concern; worry), positive well-being (good spirits; happy, satisfied; interesting daily life), selfcontrol (firm control of behaviour; emotions; afraid of losing their mind; emotionally stable; sure of self ) and vitality (waking, fresh, rested; feeling tired, worn out; energy level). All items refer to the experience of participants in the previous month. Items 1-14 are scored from 0 to 5, while items 15-18 are scored from 0 to 10. Items 1, 3, 6, 7, 9, 11, 15, and 16 are reverse scored. The scores of each dimension were summed by their corresponding items. The total score of GWBS was summed by the scores of six dimensions. The higher scores represent greater well-being. Proposed cutoffs (60, 72) representing three levels of well-being are 73-110 ( positive well-being), 61-72 (moderate distress), and 0-60 (severe distress).
Procedure
The survey was conducted from May to October 2013. The questionnaires were filled out by women when they attended regular antenatal health education courses in the selected hospitals. Teachers of health education courses (usually the medical practitioners from the hospitals) were trained to brief through the aim of the current study and the questionnaires to the participants. The participants were asked to fill out the questionnaire individually in half an hour at the end of the courses according to the attached illustration. The teachers collected and placed all filled questionnaires in a sealed envelope and posted all original hard copies to the researchers. The follow-up investigation was conducted by a family interview on day 7-14 postpartum due to the Chinese tradition that a Chinese woman should remain at home for 1 month postpartum.
The study was approved by the ethics committees of the Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine (#2013-09). The study was carried out in accordance with the approved guidelines. The purposes of the study were explained to all participants verbally. All participants signed an informed consent form before enrolling in the study. The participants were advised that they could withdraw from the study at any time.
Statistical analysis
Data were analysed using the SPSS V.17.0 program. Independent-samples t-tests and χ 2 tests were conducted to compare the two groups (women with male and female newborn infants) at baseline. Multivariable linear regression analyses were used to assess the effects of an infant's sex on delivery mode and maternal satisfaction, after adjusting for potential confounders including participating hospitals, sociodemographic characteristics, obstetric characteristics, infant's health outcome, and birth control policy status. The multi-collinearity problem was verified using the tolerance approach and the variance inflation factor. Any variable that had a tolerance value <0.1 and a variance inflation factor >10 was not included in the same regression model. 21 Multiple logistic regression models 22 were also used to analyse the effect of the infants' sex on the levels of maternal wellbeing when the possible potential confounders were adjusted. A p value of 0.05 was used for all tests of significance. 
RESULTS
Among all of our 1503 participants, 781 (52.0%) gave birth to male infants (Male group) and 722 (48.0%) gave birth to female infants (Female group). Table 1 shows the distribution of selected sociodemographic, obstetric and children's characteristics among the participants. The proportion of age, ethnicity, education, vocation, resident status, multiple gestation, and method *Pearson χ 2 test. †The family was allowed to have two children if both of the parents were from one-child families under the birth control policy during the study period.
‡The family was allowed to have only one child if one of or both of the parents were from multi-children families under the birth control policy during the study period.
of payment was equal between the participants in the two groups ( p>0.05). Birth weight differed between the participants in the two groups, and the rate of breastfeeding in the first 24 hours in the Female group was higher than in Male group, with p values of 0.05 (table 1) . At baseline, there was no difference in the degree of maternal welling-being (non-anxiety, nondepression, positive well-being and self-control) between the two groups (each p>0.05; table 2). However, during the postpartum period, only women who gave birth to male infants were positively associated with the total score of maternal well-being when confounders were not adjusted (β=1.570, 95% CI 0.372 to 2.767, p<0.001). The association remained statistically significant when the participating hospitals and maternal well-being at baseline (β=1.482, 95% CI 0.303 to 2.660, p<0.001), sociodemographic characteristics (β=1.526, 95% CI 0.341 to 2.710, p<0.001), obstetric characteristics (β=1.484, 95% CI 0.303 to 2.665, p=0.014), and infant's health outcome (β=1.474, 95% CI 0.293 to 2.656, p=0.015) were added to the adjustments. However, the association was not statistically significant when the two-child policy status (one-child status vs twochild) was added to the adjustments (1.497, −0.001 to 2.990, p=0.051; table 3).
Similarly, the sex of the infant was also related to the score of subscale of positive well-being when not adjusting for (β=0.274, 0.050 to 0.499, p<0.001) or adjusting for the hospitals and maternal well-being at baseline (β=0.273, 95% CI 0.048 to 0.497, p<0.001), and when the sociodemographic characteristics (β=0.303, 95% CI 0.079 to 0.528, p=0.008), obstetric characteristics (β=0.297, 95% CI 0.072 to 0.522, p=0.010), and infant's health outcome (β=0.295, 95% CI 0.070 to 0.521, p=0.010) were added to the adjustments. However, the positive association disappeared when the two-child birth control policy was added to the adjustments (β=0.230, 95% CI −0.048 to 0.508, p=0.104; table 3).
We also found a lower depression level in women who gave birth to male infants when we did not adjust for any potential confounders (β=1.339, 95% CI 1.051 to 1.626, p<0.001). These associations remained when the hospitals and maternal well-being at baseline (β=1.335, 95% CI 1.050 to 1.621, p<0.001), sociodemographic characteristics (β=1.333, 95% CI 1.046 to 1.620, p<0.001), obstetric characteristics (β=1.323, 95% CI 1.036 to 1.610, p<0.001), infant's health outcome (β=1.321, 95% CI 1.033 to 1.608, p<0.001) and two-child policy status (β=1.341, 95% CI 0.990 to 1.692, p<0.001) were added to the adjustments (table 3) . Additionally, the total score of GWBS was categorised into three levels (severe distress, moderate distress, and positive well-being). The results showed that women who gave birth to male infants were only associated with the level of positive well-being (adjusted OR (aOR) 1.607, 95% CI 1.034 to 2.499, p=0.035) when compared with the level of positive well-being after adjustment for hospitals and maternal well-being at baseline, sociodemographic characteristics, obstetric characteristics, and infant's health outcome. However, the association disappeared when two-child policy status was added into the adjustments (aOR 1.240, 95% CI 0.674 to 2.281, p=0.489; table 4).
DISCUSSION
The present study sheds light on the influence of an infant's sex on maternal postpartum well-being. To the best of our knowledge, few studies have considered the change in birth control policy. Our study has indicated that those women who gave birth to a male infant experienced less maternal postpartum depression and enjoyed higher postpartum well-being. However, the positive association between infant gender and postpartum well-being could be moderated by the two-child birth control policy status.
In our study, the distribution of demographic characteristics, obstetric characteristics and infant's health outcome (such as exceptionally high rates of caesarean section and breastfeeding) are consistent with the general obstetric populations in the Chinese literature. 5 23 24 There was no significant difference at baseline in maternal well-being between women who gave birth to male and female infants. This may be due to the fact that, since 2002, parents have not been allowed 1.497 (−0.001 to 2.990) †The score of six dimensions and total score of GWBS. ‡Not adjusted for any potential confounders. §Adjusted for hospitals and maternal well-being at baseline. ¶Adjusted for maternal well-being at baseline and sociodemographic characteristics. † †Adjusted for maternal well-being at baseline, sociodemographic characteristics and obstetric characteristics. ‡ ‡Adjusted for maternal well-being at baseline, sociodemographic characteristics, obstetric characteristics and infant's health outcome. § §Adjusted for maternal well-being at baseline, sociodemographic characteristics, obstetric characteristics, infant's health outcome and birth control policy settings. *p<0.05, **p<0.01, ***p<0.001. GWBS, General Well-Being Schedule.
to determine the gender of the fetus before delivery in order to avoid any gender selection. 25 26 Our results suggest that giving birth to a male infant was related to less postpartum depression. This finding is consistent with previous studies that showed new mothers of female infants were at increased risk of developing postpartum depression, 5 6 12 14 while new mothers of male infants experienced lower levels of depression in a society that values boys. Couples in China have a strong preference for sons due to economic and social reasons. 27 For example, people usually rely on their offspring to support them in retirement because the national pension system is not very well established in China; 28 29 and sons with higher incomes will be more capable of providing financial support compared to daughters, since generally women earn less than men in China. 30 More importantly, only a son's offspring would be able to carry his father's surname to continue the family lineage. The negative reaction of family members towards the birth of a female infant may subsequently affect their support of the mother, which may be a potential risk factor for postpartum depression within certain cultural groups. 5 A couple's preference for a son for the sake of their, and especially the mother's, well-being seems to reinforce the sexist beliefs and practices in Chinese society at large (including urban areas such as Shanghai). However, China is undergoing a rapid socioeconomic transition. Infanticides have become very rare, and sex-selective abortion has also been reported as occurring less commonly than previously. 31 The relationships between sex ratio and the preference for a son are not necessarily predictable. Moreover, the Chinese authorities have launched a range of policies to weaken these sexist beliefs and practices. From 2005, parents of a daughter in rural areas have been entitled to a pension of 7200 RMB (about US$1075) per year. 26 Also the 'Care for Girls' campaign, which provides increased educational chances for girls, has produced encouraging results, with the preference for sons declining in the 24 participating counties. 31 Clearly this campaign should be widely disseminated to more areas (including the urban areas) of China.
Our results further suggest that women who gave birth to a female have a more positive postpartum general well-being and higher-level well-being status. The general and higher level of well-being which was assessed by GWBS refers to anxiety, depression, general health, positive well-being, self-control, and vitality. It is biologically plausible that the brain and body respond to stress by activating the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system, preparing the body for 'fight or flight'. 32 Consequently, a higher level of psychological well-being and lower depression and anxiety may result in improvements in physical fitness including general health and vitality, and enhance the level of postpartum general well-being.
Interestingly, the associations between an infant's sex and postpartum well-being disappeared when the twochild policy status was added to the adjustments, Table 4 Effects of fetal sex on levels of women's postpartum well-being (n=1503) suggesting that families which are allowed to have more than one child may moderate the effects of the association. This could be caused by either the potential financial benefit brought by two children (either sons or daughters), or by being provided with a second chance to have a son. The Chinese government has recently scrapped its one-child family policy, allowing all couples to have two children since 2016. The policy may bring an interesting dynamic to maternal health. The effect of the preference for a son on a mother's postpartum wellbeing would be moderated by the implementation of this two-child status. However, the prevalence of older mothers is increasing because of China's two-child policy. 33 Pregnancies after the age of 35 are associated with increased risks of preterm birth, gestational diabetes, placenta praevia, amniotic fluid embolism, venous thrombosis, genetic abnormalities in children, etc, 34 which may inversely bring about other challenges of maternal well-being.
CONCLUSIONS
Our study reveals very important clinical implications regarding the effect of gender preference on postnatal maternal mental health. Our results emphasise the importance of conducting interventions to reduce the risk of women's postpartum depression and to enhance general well-being, especially for those with a female infant in a society which has a preference for sons, such as in China. Additionally, our study is the first to provide direct evidence of how relaxation of a birth control policy could positively increase the mental health status of new mothers. This significant change, however, will take time. The relaxation of China's birth control policy creates new challenges to maternal health, such as the increasing prevalence of older mothers; it is therefore good that the Chinese authorities are committed to improving the country's maternal healthcare services to accommodate these possible negative effects on maternal health.
There was some possible bias in our study. We recruited the participants at 29-30 weeks of gestation because the baseline investigation conducted in a different trimester may induce some potential confounders such as different health situations and maternal well-being at baseline. If we ask questions verbally in front of other family members in the postpartum interview, there would be an element of social desirability bias as their family may be upset if the newborn infants' mothers are not happy because they have had a male child. Therefore, we asked the mothers of newborn infants to fill out the questionnaires by themselves in the postpartum family interview. Moreover, we conducted the present study in low-risk primiparous women in order to avoid other possible confounders such as severe complications during pregnancy and the first child's sex which may influence a multiparous woman's well-being. 13 35 Caution should be taken when generalising our results to the broad obstetric population based on a convenience sample. There may be selection bias because 29 women refused to take part in our study at baseline, and 227 were missing or excluded from the follow-up investigation (although there were no differences in demographic characteristics and psychological well-being at baseline between the 227 women with missing information or who were excluded from the final analysis and the 1503 women included in our final analysis). Women with a higher level of psychological well-being during their pregnancy may be more likely to take part in our study and complete the follow-up investigation. This may affect the generalisability of the study. 36 37 Therefore, we are cautious in generalising our results to the urban areas of China. A nationwide study may be necessary in the near future.
